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A B S T R A C T
Purpose: Low levels of physical activity (PA) have been shown to be associatedwith depression in adults. The
few studies that focused on adolescents yielded mixed and inconsistent results. Efforts to examine the
direction of this relationship have been inconclusive up to now. The aims of this study were therefore to
investigate (1) the direction of the inverse association between PA and depressive symptoms over time, and
(2) whether these associations are speciﬁc to particular clusters of depressive symptoms in adolescents.
Methods: Depressive symptoms and PA were assessed in a population sample of adolescents (N  2,230)
howeremeasured at threewaves between age 10 and age 17. Depressive symptomsweremeasured by the
ffective Problems scale of the Youth Self-Report and Child Behavior Checklist, whereas PA was operation-
lized as the amount of time spent on physical exercise. Structural equation modeling was used to examine
idirectional effects of PA and depressive symptoms over time.
esults: We found signiﬁcant cross-lagged paths from prior PA to later depression as well as from prior
epression to later PA (beta values.039 to.047). After subdividing depression into affective and somatic
ymptoms, the affective symptoms were reciprocally related to PA, whereas the paths between somatic
ymptoms and PA did not reach statistical signiﬁcance.
onclusions: An inverse bidirectional association between PA and general depressive symptoms was ob-















sAssociations between physical activity (PA) and health have
een well documented. Studies have shown that exercise has
eneﬁcial effects on medical conditions, such as diabetes and
ardiovascular diseases [1,2], and also reduces the risk of devel-
ping a variety of cancers [3,4]. Associations of PA with mental
ealth, however, have been harder to elucidate. There is some
vidence suggesting that PA is inversely related to depression in
dults, but it has been difﬁcult to establish causality, and the
trength of the associations varied from study to study [5,6].
In observational studies, causality cannot be established, but
he temporal order of changes in PA and depressionmay provide
* Address correspondence to: Nikolaos Stavrakakis, M.Sc., Interdisciplinary
Centre for Psychiatric Epidemiology (ICPE), UniversityMedical Centre Groningena
(UMCG), CC72, P.O. Box 30.001, 9700 RB Groningen, The Netherlands.
E-mail address: n.stavrakakis@med.umcg.nl (N. Stavrakakis).
1054-139X/$ - see front matter  2012 Society for Adolescent Health and Medicine. A
doi:10.1016/j.jadohealth.2011.09.004lues about the direction of the effects. It has been very difﬁcult
o determine temporality so far, however, because of the cross-
ectional nature of most studies. Weyerer et al [7] showed a
ross-sectional association between low levels of PA and depres-
ion, but could not ﬁnd a prospective association at 5-year follow-
p. Since then, only a few studies have assessed the direction of
he association between depression and PA, and those were
elatively unsuccessful in giving a clear answer [8,9]. Interven-
ion trials have yielded ambiguous results as well. Although a
umber of studies indicated that PA reduces feelings of tension,
nxiety, and anger [10], others could not ﬁnd such clear effects
11,12]. In a recent review, Mead et al [13] showed that, when
nly trials with blinded outcome assessments, intention to treat,
nd allocation concealment were included in the analysis, effect
izes were moderate and not statistically signiﬁcant. Among
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depressive symptoms, results from prospective studies have
been inconsistent and will be brieﬂy described later.
Why are there so many mixed results regarding associations
between PA and depression? Part of the discrepancies can be
attributed to methodological limitations, such as small sample
sizes and, for prospective studies, short follow-up periods. An-
other reason might be that depression is a heterogeneous disor-
der, consisting of both affective and somatic symptoms. Instru-
ments that are used to assess depressive symptoms vary widely
with respect to the symptom proﬁles they represent, where
some instruments do not include somatic symptoms, whereas
other instruments contain multiple questions on somatic symp-
toms. It has been shown that somatic and affective symptoms are
differentially associated with cardiac autonomic [14] and HPA
xis function [15]. As these two subgroups of symptoms show
istinct patterns of association with various physiological mea-
ures, they may be differentially related to PA as well.
Despite these discrepancies, several, not necessarilymutually
xclusive, hypotheses have been proposed to explain the inverse
ssociation between PA and depression:
. Protection hypothesis (direct causal effect): PA decreases de-
pressive symptoms through biological (elevation of endor-
phins, serotonin, or endocannabinoids) or social (social con-
tact and self-esteem) mechanisms [16].
. Inhibition hypothesis (reverse causality): depression negatively
inﬂuencespatterns of PA [17] through symptoms, such as lack of
energy, anhedonia, lowmood, and social withdrawal [18].
3. Commoncausehypothesis: PAanddepression share risk factors,
for instance genetic or familial factors, such as socioeconomic
status (SES), neighborhood, and parental rearing style [19].
In the present study, associations between PA and depressive
symptomswere studied in a large prospective population cohort
of Dutch adolescents. Studying this association in adolescents is
important for at least two reasons. First, evidence regarding the
association between PA and depression is evenmore ambiguous
in adolescents than in adults. Although cross-sectional and inter-
vention studies in adolescents have shown moderate to strong
associations between PA and depression, respectively [20,21],
longitudinal studies have yielded mixed results, varying from
strong effects [17,22] to weak [9,23] or even no effects at all
[8,24]. Second, a substantial number of adolescents evince sub-
threshold depressive symptoms [25]. Because adolescent de-
pressive symptoms are thought to predict full-blown depressive
disorders later in life [25], researching depressive symptoms in
adolescence may help to improve the understanding of the eti-
ology of depressive disorders and help design effective interven-
tions for treating affective disorders.
The ﬁrst aim of this study is to investigate patterns in the
association between PA and depressive symptoms to determine
whether changes in PA precede, follow, or co-occurwith changes
in depressive symptoms in healthy adolescents. A longitudinal
design is the only way to illuminate such patterns. The second
aim is to examine the association between PA and two subgroups
of depressive symptoms, that is, affective symptoms (such as,
depressed mood and loss of interest) and somatic symptoms
(such as, sleepdisturbances and lack of energy). To the best of our
knowledge, PA has not been investigated in relation to these
symptom groups before.Methods and materials
Design
Data for this study were collected as part of the Tracking
Adolescents Individual Lives Survey (TRAILS), a prospective co-
hort of Northern Dutch adolescents. The study was approved by
theDutch Central Committee onResearch InvolvingHuman Sub-
jects. A detailed description of its objectives and main design, as
well as of the sample selection procedure and nonresponse, can
be found in other studies [26].
Data collection was obtained through three assessment
waves (T1, T2, T3), whichwas scheduled fromMarch 2001 to July
2002, September 2003 to December 2004, and September 2005
to August 2008, respectively. Parental written informed consent
was obtained after the procedures had been fully explained.
Adolescents gave written informed assent at the second and
third assessment waves.
Participants
Of2,935adolescents initiallyapproached,2,230 (76%; females
51%, mean age 11.11, SD .55) took part in the ﬁrst assessment
wave (T1). The response rate at the second wave (T2) was 96.4%
(N 2,149; 51% females,mean age 13.65, SD .53), whereas the
response rate at the thirdmeasurement wave (T3) was 81.4% (N
1,816; 53.2% females, mean age 16.27, SD .73).
Instruments
Depressive symptoms. Depressive symptoms were assessed by
the Affective Problems scale of the Youth Self-Report (YSR [27])
that was completed by the adolescents at school. Parents ﬁlled
out the parent version of the YSR, the Child Behavior Checklist
(CBCL [28]), at home. Themean scores of the YSR and CBCL scales
were used in the analyses. The YSR and CBCL are composed of a
list of problems,which are scored on a 3-point scale (0never or
not at all true, 1  sometimes true, and 2  very often or very
true). The Affective Problems scale contains 13 items covering
depressive symptoms according to the DSM-IV [29], that is, sad-
ness, loss of pleasure, crying, self-harm, suicidal ideation, feel-
ings of worthlessness, guilt, loss of energy, overtiredness, eating
problems, and sleeping problems. Because a previous study in
the same sample had shown that omission of one sleep item (“I
sleepmore thanmost kids”) increased the internal consistency of
the scale [15], this item was excluded. Scores on the remaining
12 items were averaged to construct a total depressive symp-
toms scale with an internal consistency (Cronbach alpha) of .75
at T1, .84 at T2, and .89 at T3. In addition, we constructed a
somatic symptoms subscale and an affective symptoms subscale,
as described by Bosch et al [15]. The affective symptom subscale
included loss of pleasure, crying, self-harm, suicidal ideation,
feelings of worthlessness, feelings of guilt, and sadness, whereas
the somatic symptoms subscale included lack of appetite, over-
tiredness, reduced sleep, trouble sleeping, and lack of energy.
The internal consistency for the affective symptoms scalewas .72
at T1, .82 at T2, and .85 at T3, whereas the consistencies of the
somatic symptoms scale were .57 at T1, .69 at T2, and .77 at T3.
Physical Activity. At T1, PA was assessed by the question, “How
often per week do you perform physical exercise (for example,
swimming, playing football, horse-riding)?” The question could
N. Stavrakakis et al. / Journal of Adolescent Health 50 (2012) 503–508 505be answered on a 5-point scale (0  never, 1  once per week,
2 two to three times per week, 3 four to ﬁve times per week,
and 4  ﬁve to six times per week). At T2 and T3, PA was
measured by two questions assessing the time per week the
individual engaged in PA during the summer (question 1) and
the winter (question 2), “How many days in an average week in
the summer/winter do you take part in physical activities?”.
These questions were rated on an 8-point scale (0 never to 7
sevendays perweek). Thequestions on summer andwinterwere
averaged, and mean scores were used in the analysis. To achieve
a similar metric for the PA measures at all measurement waves,
we recorded the T1 data (range, 0–5) into an 8-point scale using
the monotonic R7 transform recommended by Little [30].
Confounders
Gender and SES were included as confounders. SES was cal-
culated by averaging ﬁve standardized variables (professional
occupation and educational attainment for both father and
mother, and household income). Three SES groups were created,
in which the lowest 25% of scores were categorized as “low SES,”
the highest 25% as “high SES,” and the remaining scores were
grouped as “intermediate SES.”
Imputation of missing data
Adetailed account of attrition rateswithin the TRAILS study can
be found elsewhere [31]. We performed multiple imputations to
complete thedata set (i.e., N2,230 at all three assessmentwaves)
using STATA version 10 (STATA Corp., College Station, TX) and cre-
ated ﬁve different datasets [32], which were subsequently im-
ported intoMplus 5 [33] andwere used in the analyses.
Analysis
Cross-sectional and prospective associations between PA and
depressive symptoms were investigated by structural equation
modeling, using Mplus 5 [33]. As the depression variables (both
total depressive symptoms score and scores on the two sub-
scales) were positively skewed and slightly kurtotic, they were
log-transformed before analysis. A cross-lagged path model was

















Figure 1. Model showing cross-sectional paths: (a), autoregressive (b), and
cross-lagged longitudinal (c) paths. PA  physical activity; T1  ﬁrst measure-
ment wave; T2 second measurement wave; T3 third measurement wave.between PA and depressive symptoms. Cross-lagged panel de-
signs take into account the time precedence and control for
multivariate dependencies of the antecedent predictor variables.
Therefore, besides the cross-lagged paths (interpreted as a link-
age of the level of one variable at the ﬁrst wave with a relative
change in another variable in the subsequent assessment wave)
between depression and PA and vice versa (Figure 1, path c),
autoregressive paths (interpreted as relative stability over time)
within depression and PA (Figure 1, path b), and cross-sectional
covariances (interpreted as correlations at T1 and as correlated
change at T2 and T3) between PA and depression (Figure 1, path
a) were also estimated. Correlated change and cross-lagged
paths reﬂect longitudinal relationships.
To test the predictive relationships between PA and depressive
symptoms,wedeveloped twocross-laggedmodels. Theﬁrstmodel
concerned associations between PA and the total depressive symp-
toms score, whereas the secondmodel concerned associations be-
tween PA and the subscales of somatic and affective symptoms
(adjusted for each other). Both models were corrected for gender
and SES. As a ﬁrst step, all cross-lagged and cross-sectional paths
were constrained to be equal over time, and the ﬁt indices of the
constrainedmodelwere comparedwith thoseof theunconstrained
model. If the ﬁt indices were adequate and not signiﬁcantly worse
than thoseof theunconstrainedmodel, themoreparsimonious (i.e.,
constrained) model was used. The signiﬁcance of the cross-lagged
paths was established by testing whether removal of the paths led
to a deterioration of the model ﬁt. To test whether the two sub-
groups of depressive symptoms (somatic and affective symptoms)
differedwith regard to their cross-sectional and cross-lagged asso-
ciation with PA, we compared a model where the paths between
somatic symptoms and PA and between affective symptoms and
PA, respectively, were constrained to be equal with amodel where
these paths were allowed to differ.
A good model ﬁt was deﬁned when the comparative ﬁt index
(CFI) and the Tucker-Lewis index (TLI) were greater than .95,
whereas the root mean square error of approximation (RMSEA)
was lower than .05. Ideally, the 2 should be nonsigniﬁcant (p
.05) as well, but larger samples increase the likelihood of obtain-
ing signiﬁcant p values [34] (Figure 1).
Results
Descriptive statistics
Descriptive statistics of the main variables used in this study
are shown in Table 1. Depressive symptoms increased slightly
over time, mainly due to a rise in somatic symptoms. PA re-
Table 1









.25 (.20) .25 (.23) .31 (.29)
Affective
symptoms
.21 (.20) .19 (.23) .23 (.28)
Somatic
symptoms
.32 (.27) .33 (.30) .42 (.36)
Physical activity 3.38 (2.09) 3.35 (1.73) 3.45 (1.88)
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Preliminary analyses revealed that cross-lagged paths and
correlated changes were constant over time: the model ﬁt pa-
rameters of themodelswhere thesepathswere constrained to be
equal across time were adequate, and the 2 values of the con-
strained models were not signiﬁcantly worse than those of the
unconstrained model (2difference  5.555, df  3, p  .05 for the
odel involving total depressive symptoms; 2difference  6.365,
f  6, p  .05 for the model involving depression subgroups).
ecause the constrained models were more parsimonious, we


































Figure 2. Associations between depression (total depressive symptoms score)
and PA over time. The path coefﬁcients reﬂect model estimated standardized
beta values. Statistical insigniﬁcant paths shown are indicated by broken lines.




























Figure 3. Association between somatic symptoms, affective symptoms, and PA
Statistically insigniﬁcant paths are indicated by broken lines. The effects are adjusted
although deﬁned in the model (cross-sectional, autoregressive between T1 and T3, andRelationships between the total depressive symptoms score
nd PA are shown in Figure 2 (overall model ﬁt, 2 13.254, p
.05, df  6). Fit indices showed an excellent ﬁt of model (CFI 
.997, TLI  .988, RMSEA  .022), which was signiﬁcantly better
than the ﬁt of the model without cross-lagged paths from PA to
depression (2difference  8.103, df  1. p  .05) and the model
without cross-lagged paths from depression to PA (2difference 
1.556, df  1, p  .05). As expected from these results, the
cross-lagged paths were all signiﬁcant. The autoregressive esti-
mate of depression was higher than that of PA. The cross-
sectional association between PA and depression was signiﬁcant
at T1 but not at later assessment waves (Figure 2).
The second model, investigating the relationship between
somatic symptoms, affective symptoms, and PA over time, is
shown in Figure 3. Indices of approximate ﬁt showed an excel-
lent ﬁt of model variables (2  24.170, p  .05, df  13, CFI 
998, TLI .992, RMSEA .020). Although cross-lagged relation-
hips betweenPAand somatic symptomsdidnot reach statistical
igniﬁcance, affective symptoms both predicted and were pre-
icted by PA. This is reﬂected in the tests comparing the models
ith andwithout these cross-lagged paths—although removal of
he cross-lagged to and from somatic symptoms did not worsen
he model ﬁt signiﬁcantly (2difference  2.404, df  2, p  .05),
removal of the paths to and from affective symptoms led to a
signiﬁcant decrease of the model ﬁt (2difference  26.755, df  2,
 .05; Figure 3).
iscussion
The results of this study indicate a bidirectional cross-lagged
ssociation between depressive symptoms and PA, in which PA
recedes a decrease in depressive symptoms and vice versa.
uite surprisingly, the inverse associations between PA and de-
tic  Somatic T3 
































for gender and SES. * p  .05. Paths between somatic and affective symptoms
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pressedmood, loss of pleasure, and low self-worth, in particular.
Somatic symptoms, such as sleep disturbances, eating problems,
and lack of energy,were not associatedwith PA. Interestingly,we
found that PA remained stable over time, a ﬁnding which is
inconsistent with some previous studies, which reported a
steady decrease of PA over time [35].
Limitations and strengths of this study
This study has a number of notable strengths. First, we used a
large, population-based sample of adolescents. The study of ad-
olescents has the following twomain advantages: (a) the proba-
bility of confounding by prior depressive episodes is low at this
age, and (b) the prevalence of somatic conditions that may ham-
per engagement in PA is still relatively low in adolescents com-
pared with older people. Second, the longitudinal design with
three measurements across 6 years made it possible to study
changes in PA and depressedmood over a long period. Third, the
model ﬁt was excellent, modeling the relationship between PA
and depressive symptoms in our datawith great accuracy. A ﬁnal
strength is the fact thatwe subdivideddepressive symptoms into
somatic and affective symptoms,which, to the best of our knowl-
edge, has not been done before in this context. Depression is a
heterogeneous disorder, with different symptoms observed in
different individuals. The use of subgroups does justice to this
heterogeneity andmayhelp to understand individual differences
in the association between PA and depression.
There are also several limitations. First, all the measures used
were self-reports, and the measurement of PA relied on a single
question, unlike validated PA questionnaires (e.g., IPAQ) that
include a series of detailed questions of PA involvement. Self-
reports tend to be less reliable than more objective measures of
PA, such as VO2 max, heart rate variability, and calculation of
metabolic equivalent of tasks by, for instance, accelerometers. In
addition, at the ﬁrst measurement wave of this study, PA was
assessed slightly different than that at the last two waves, in
which separate questions for winter and summer, and more
response categories were used. Furthermore, we did not mea-
sure the nature (aerobic–anaerobic, social–isolated, etc), inten-
sity, or duration of PA, information which may prove useful for a
better understanding of the relationship betweenPA anddepres-
sive symptoms. Concerning thenature of PA, for instance, aerobic
exercises have been reported to have an effect on depressive
symptoms, whereas anaerobic exercises do not [36]. Similarly,
differences in the intensity and the duration of the activity may
be related to depressive symptoms [37]. A ﬁnal limitation is that
the reliability of the somatic symptoms subscale was relatively
low, which prevents strong associations with other variables.
The associations observedwere bidirectional. Themore times
per week adolescents exercised, the more likely they were to
report a reduction in depressive symptoms. The opposite also
held true: the more depressive symptoms adolescents exhibited
at some point, the more likely they were to report a reduction in
PA later on. These ﬁndings are in accordancewith recent reviews
in adults, which showed that regular PA decreases the risk for
developing depression [38], and that baseline depression might
play an important role in the development of an inactive lifestyle
or decreased level of PA [39]. Longitudinal studies have yielded
mixed results in adolescents. Although Jerstad et al [9] demon-
strated a bidirectional relationship between exercise and de-
pression, Birkeland et al [8] could not. The bidirectional associa- Zion between PA and depression found in our study provides
upport for both the protection hypothesis and inhibition hy-
othesis, which were mentioned earlier in the Introduction sec-
ion.
We also showed that PA is differentially associated with sub-
roups of depressive symptoms; the effects are stronger for
ffective than for somatic depressive symptoms. This lack of
ssociation between PA and somatic symptoms is unexpected.
lthough it seems plausible that adolescents who exercisemore,
leep better, eat better havemore energy, thiswas not supported
y our data. A reason for this lack of association (between PA and
omatic depressive symptoms) may be the aforementioned low
eliability of the somatic symptoms scale, which prevents strong
elationships. The low reliability implies that there is heteroge-
eity within the somatic symptom domain. Whether speciﬁc
omatic symptoms are differentially related to PA was beyond
he scope of this article and remains to be investigated in the
uture.
The inverse associations found between PA and depression
ere statistically signiﬁcant but were relatively weak. This is
enerally in accordance with previous studies which rarely
ielded strong effects. This could be due to the measures of PA
sed, which usually reﬂect only a small portion of activities and
o not take into account the nature of the activities (e.g., volun-
ary, social, competitive, or isolated), their duration, and their
ntensity. PA may be beneﬁcial to mental health only after an
ntensity/duration threshold is reached, which could haveweak-
ned the associations. Another likely reason for the weak associ-
tions is the fact that bothdepressedmoodandPAare affectedby
ultiple nonshared variables and therefore cannot be expected
o explain much variance in each other. Finally, it might be
ossible that PA and depressive symptoms are not associated in
ll individuals in the sameway; because of genetic or personality
ifferences, some adolescents may beneﬁt from PA, whereas
thers may not. An elucidation of the underlying mechanisms
ight provide clues about which individuals may beneﬁt most
rom PA.
onclusion
The current prospective study investigated the inverse bidi-
ectional associations between PA and depressive symptoms, in
articular, the two subclusters of depressive symptoms (somatic
s. affective), in a population cohort of Dutch adolescents. PA has
een shown to be related to depressive symptoms and vice versa
ut only in relation to affective symptoms. Further research is
eeded to investigate whether individual symptoms are differ-
ntially associated with PA to improve the understanding of this
omplex relation.
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